Abstract-This paper presents the design of a selective-actuation flexure parallel mechanism that can provide three de-coupled micro-motions along the X-, Y -and Z-axes. This mechanism can be used as an ultra-precision positioning system. The modeling of this flexure parallel mechanism is then established based on a pseudo-rigid-body model with consideration of deformation of the flexure member. The factor of deformation allows us to formulate the accurate kinematics analysis of the flexure mechanism. Via this modeling, dimension and free shape of the mechanism are determined based on the criteria of isotropic resolution transmission scale. An experiment was set up to verify the modeling and the design. The experiment shows the advantage of the proposed model versus the model currently used. The similarity of the resolutions obtained from the experiment and predicted by the optimal design shows the validity of the resolution evaluation and the optimal design.
INTRODUCTION
A flexure mechanism which has a moving platform connected to the base by at least two kinematic chains with flexure joints is called a flexure parallel mechanism (FPM). The degree-of-freedom (DOF) of the flexure joint is obtained from the deflection of flexure members and not from the sliding or rolling contacts as the DOF of traditional joint is. Therefore, a FPM possesses high stiffness, high natural frequencies and there is no error accumulation, no backlash, no friction, vacuum compatibility and no need of lubrication. FPM provides high accurate motions within small range and can be used as an ultra-precision manipulation system in fields like optics, precision machine tools and micro-component fabrication.
Recently, several FPM-based precision positioning stages have been developed [1 -13] . Beside the topology synthesis of compliant mechanisms [12, 13] , most of the flexure mechanisms are not designed based on the precision criterion but on the criteria of large range [1 -4, 8, 12] and compliance/stiffness [5 -8] . Only when the mechanism control is implemented, the precision of the flexure mechanism is taken into consideration. Some measures are proposed to manage the error distribution [1] , to predict the error and modify the control [2, 3] or to use the precise measurement instruments to aid the control system [6, 7] . These post-design measures are not sufficient for obtaining a system with high accuracy. There is a need for pre-design measures which can guarantee the desired resolution right at the design stage. Another problem is how to model the flexure mechanism. Recent studies [1 -4, 6 -8] simplify the modeling of a flexure mechanism by using a pseudo-rigid-body (PRB) model, as proposed by Howell [14] . This method does not lead to accurate modeling because the deformation of the flexure members is not studied when establishing the model. Recently, to obtain a more precise PRB model, Yi et al. proposed a base-fixed flexure hinge as a two-link chain consisting of a revolving joint with torsion spring and a prismatic joint [5] . However, the elongation and the bending of the flexure hinge are actually tied together. Therefore, the replacement of a flexure hinge by a revolving joint and a prismatic joint is not sufficient and makes the modeling more complicated for a spatial flexure mechanism with more joints and links. Another disadvantage is that the deflection of passive flexure joints is still not considered. An additional problem that needs to be considered is the selective actuation (SA) of the mechanism. Usually, the cost of a precise actuator is very high. All the DOF motions of the mechanism are not always used for a positioning task. Therefore, the mechanism needs to be designed so that the actuators can be moved to obtain the desired number of DOF without affecting on the precision of the mechanism. An additional benefit of SA is that the actuators can be used for multiple tasks. As a precision positioning system cannot be re-configured often, selective actuation can be considered as the re-configurability in a precision mechanism. In addition, the motion of the end-effector relies on the actuation of all actuators. Usually, the motions are de-coupled by using a control algorithm. Selective actuation rejects fully or eliminates partially the dependence of the end-effector motion on all the actuation of actuators and, therefore, aids the decoupling control. This allows the users to make adjustments to accurately achieve one desired position. This paper is organized as follows. First, the paper presents the design of a micromotion selective-actuation XY Z flexure parallel mechanism (SA XYZ FPM) that can perform three decoupled translation motions. Secondly, a more accurate model has been realized by taking the effects of flexure deformations into account. The error of PRB model caused by deformation of flexure members, are estimated and compensated. The paper continues with the formulation of the resolution
